Abstract. The aim of this work was to show the applicability of light diffraction tomography on airborne ultrasound. Different air-coupled transducers in the frequency range 40 kHz -2 MHz were measured to show the method's performance. A calibrated microphone and the pulse-echo method were used to evaluate the results. The absolute measurements agreed within the calibrated microphone's uncertainty range. Pulse waveforms and corresponding FFT-diagrams show the method's higher bandwidth compared to the microphone. Further, the method offers non-perturbing measurements with high spatial resolution, which was especially advantageous for measurements close to the transducer surfaces. The S/N-ratio was larger than or in the same range as that of the two comparing methods.
Introduction
Light diffraction tomography is a special measurement method developed at the Department of Electrical Measurements to complement field characterisation with hydrophones or microphones. The method offers non-perturbing, absolute pressure measurements with high spatial resolution and can be used in water as well as in air applications. The objective with this presentation is to show and discuss the applicability of light diffraction tomography in air.
Materials and methods
Light Diffraction Tomography combines light intensity measurements with tomography algorithms to produce a measurement system and is based on the Raman-Nath equations describing the interaction of light and ultrasound [1] [2] [3] [4] [5] . The system is based on a laser, a lens, a spatial filter, a photodetector, a digital oscilloscop and a computer, fig. 1 . During the measurements the ultrasound transducer is moved in a scan rotation pattern using a stepper motor positioning system and the measurement results is one pressure map and one phase map of a cross section of the ultrasound field parallel to the transducer surface, fig. 2 . 
Summary
The comparisons show very good agreement when the measurement situation (frequency and distance to the transducer surface) was suitable for the used systems. However, light diffraction tomography shows superior applicability for airborne measurements at frequencies higher than 100 kHz.
Light diffraction tomography offers possibility to make absolute measurements with an estimated uncertainty of 13%. Comparing measurements with a calibrated microphone have been made at 40 kHz and 100 kHz and the results agreed within the calibrated microphone uncertainty range. There is no (for us) known reason to underestimate the method's possibility to produce absolute measurements for higher frequencies as long as weak acousto-optic interaction can be assumed. The method offers non-perturbing measurements with high spatial resolution, which was especially advantageous for measurements close to the transducer surfaces. Pressure peaks separated 160 µm have been resolved for light diffraction tomography applied on water-loaded transducers. This is not the practical limit. Even higher resolution can be achieved and this is valid for airborne ultrasound measurements too. The limitation is rather that high-resolution measurements are time consuming.
The S/N-ratio was larger than or in the same range as for the two comparing methods. The 40 kHz transducer was the most difficult transducer to measure because of the long wavelength and the small separation distance between the diffraction orders.
Pulse waveforms and corresponding FFT-diagrams show the method's higher bandwidth compared to the microphone. A flat frequency response can be taken for granted as long as ˆ υ < 0.4 .
To summarise, light diffraction tomography can contribute to more accurate characterisation of transducers for air-applications. Some of the benefits are the high spatial resolution, the relative high bandwidth, the sensitivity and the possibility to make absolute pressure measurements.
